Spiders form a diverse group of invertebrate predators in tropical ecosystems and are known to be sensitive indicators of environmental change (Jansen, 1997; New, 1999; Norris, 1999; Hodge & Vink 2000) . A hectare of tropical forest may have about 300 to 800 species of spiders (Coddington et al., 1991) often occurring in high abundance. Spiders also have an added advantage of being conspicuous, amenable to capture by relatively cheap, easily deployable, and replicable techniques. These attributes make spiders as a group suitable for statistical appraisals, comparisons, and monitoring of sites or habitats. Spiders have been sampled using many methods, each with its own limitations, such as direct searches, pitfall traps, canopy fogging, vegetation beating, litter sifting or extraction, sweep net, and suction sampling (Edwards, 1993; Ausden, 1996; Norris, 1999; Churchill & Arthur, 1999; Green, 1999) . The different methods mostly target specific vegetation strata, spider guilds, or behaviours.
Little research has been carried out comparing sampling techniques and spider assemblages in Indian tropical forests (Gadagkar et al., 1990; Patil & Raghavendra, 2003) and therefore information on spider diversity and assemblages remains scarce from the region. India has 59 of the 110 spider families and at least 1442 formally described species of the 39,000 known worldwide (Siliwal et al., 2005) . Documenting spider assemblages assumes greater importance in the context of current rates of loss and degradation of tropical forest, which is known to have detrimental effects on many invertebrate groups (Pik et al., 2002) .
The present study makes a preliminary assessment of spider sampling methods and assemblages in a tropical rainforest region of the Western Ghats, a global biodiversity hotspot (Myers et al., 2000) facing the threats of past and ongoing deforestation and habitat fragmentation (Nair, 1991; Menon & Bawa, 1997) . Four methods were chosen to sample spiders of contrasting foraging behaviours in different vegetation strata in three tropical rainforest fragments in the Anamalai hills. The study attempts to assess the relative efficiency of these methods in documenting spider species richness, abundance, and composition, in order to identify those suitable for inventorying and documentation of spider assemblages in tropical rain forests.
STUDY AREA AND METHODOLOGY
The study was carried out in the Valparai plateau of the Anamalai Hills in the southern Western Ghats. The Valparai plateau contains a large area (>220km²) of tea, coffee, and cardamom plantations surrounded by the Indira Gandhi Wildlife Sanctuary (958km 2 ) in Tamil Nadu state and other protected areas and reserve forests in Kerala state. The natural vegetation of this region has been classified as mid-elevation tropical wet evergreen rainforest of the Cullenia exarillata-Mesua ferreaPalaquium ellipticum type (Pascal, 1988) . The area receives around 3500mm of rain annually, mostly during the southwest monsoon (June-September). At least 35 rainforest fragments occur within the private plantations in the Valparai plateau and these have been identified as important for conservation (Kumar et al., 2002; Raman & Mudappa, 2003; Mudappa & Raman, in press) as they contain significant proportions of the native fauna besides being important for landscape level connectivity between fragments. Three such fragments were chosen for sampling: Puthuthottam (92ha), Korangumudi (56ha), Injipara (19.1ha) . A portion of these fragments includes areas with abandoned cardamom plantation. All fragments are highly disturbed, with Injipara being protected from disturbance since the year 2000 as part of a restoration programme (Mudappa & Raman, in press) while the other two sites continue to be disturbed by fuel wood collection, cattle grazing, and illegal felling.
The study was carried out from January to April 2004 using belt transects, vegetation beating, pitfall traps, and leaf litter extraction. The belt transects were of 25m length and 2m width, with sampling restricted to a maximum height of 1.6m. Ten transects were sampled in each fragment with at least 50m distance between transects in the smaller fragment (Injipara) and at least 100m distance between transects in Puthuthottam and Korangumudi. Besides spiders detected on the vegetation, those on webs were also recorded. Webs were visually detected or by using a fine water spray to highlight the details of the web. Notes on the type of web (structure, size, construction, design) were also maintained for each web-building spider taxon. Sampling time was restricted to 45-60 minutes in each transect, depending on the density of understorey weeds and shrubs to be walked through, and this included time spent on field to identify unfamiliar taxa encountered. The time taken to describe web characteristics (useful in identifying the family, and in some instances, up to the genus level) was excluded from the calculation of sampling time for each transect. Attempts were made to carefully scan the leaf litter surface, tree bark, foliage (including the under-surface of leaves when traces of webs were found), twigs, and branches of the vegetation (up to 1.6m height) along the transect.
Vegetation beating was carried out with a stick at the beginning and end of each transect by sharply tapping ten times a clump of vegetation about 1m in diameter at a height of about 1m. The spiders dislodged from the vegetation were pooled as a single sample for analysis. The dislodged spiders were collected in a tray handheld beneath the plants and transferred into vials for identification.
Pitfall traps are a popular and useful method to capture terrestrial invertebrates (Curtis, 1980; Kitching et al., 2000) . The pitfall trap used in this study was a brown plastic bowl with an upper inner diameter of 15cm and a depth of 7.5cm. One pitfall trap was placed near each transect by clearing leaf litter from the area where the trap was placed within the soil with the lip of the bowl level with the ground. The bowl contained a detergent solution (2.5cm depth) with a small metal sheet placed on four stakes as a roof to prevent rainwater or litter from falling into the trap. The leaf-litter was then placed back around the container. The pitfall was kept for 24 hours before it was collected from the field and sorted.
Spiders were extracted from leaf litter using a modified Tullgren funnel (Kitching et al., 2000) consisting of ten 40cm funnels in an insect-proof box, each with a 60W bulb over it and tightfitting collection vials beneath. A 3-mm wire mesh was used in each funnel to prevent excessive amounts of litter fragments contaminating the samples of extracted spiders. About two metres away from each transect, a 25 x 25cm metal frame was placed on the ground and the leaf litter within the frame was quickly scooped up and placed in a plastic cover, labelled, and tied tightly. In the field station, the leaf litter was placed in a tray and quickly sifted, to look for larger spiders and other arthropods too large to pass through the funnel mesh. The leaf litter was then placed in the funnel. Studies have recommended extraction from two days (Jansen, 1997 ) to 4-6 days (Kitching et al., 2000) . In this study 36hr of extraction were used for each sample.
Spiders were identified to the family and morphospecies levels using existing identification keys (Pocock, 1900; Levi & Levi, 1968; Kaston, 1978; Tikader, 1980; Tikader & Malhotra, 1980; Tikader, 1982; Tikader, 1987; Cushing, 2001) . Details of body parts, such as pattern of eye arrangement, were examined using a dissection microscope (10-20X) or a binocular microscope (Leica, 100X), and identification features noted and sketched for each taxon. Using morphospecies richness has been found to be effective as a surrogate for true species richness for sampling diverse and poorly studied taxa such as spiders and ants (Oliver & Beattie, 1996; Krell, 2004) . Spiders were also classified into seven functional groups based on hunting method and web type (Levi & Levi, 1968; Kaston, 1978) .
The computer programme Estimate S (Colwell, 1997; Version 6.01b) was used to calculate morphospecies richness accumulation curves using species-abundance data from transect and vegetation beating samples. The number of observed species, individuals, and Coleman rarefaction curves (Coleman et al., 1982) and their standard deviations were estimated from the data using 50 random permutations (sampling without replacement).
RESULTS
In total, there were 577 individual spiders belonging to 27 families in 382 detections (single individuals and groups) across all the sampling methods. Twenty-two individuals belonging to five families could not be identified but were taxonomically unique. These individuals were all obtained from pitfall trap and leaf litter extraction methods. Overall, 103 morphospecies were detected during the study (Table 3) .
To compare morphospecies richness and abundance across sites, only data collected from transects and vegetation beating was used because of the low sample size from the other two methods. More species were detected along the 30 line transects than from the vegetation beating samples (Figure 1) . The average number of species and individuals was higher in transect samples than vegetation beating samples in all three sites (Table 1) . Comparisons among sites showed a significant difference in average species richness and abundance recorded using the transect method, with Injipara having higher values than the other two sites (Kruskal-Wallis ANOVA, P < 0.05, Table  1 ) possibly because of the site's protection status and higher tree and shrub densities. There was no significant difference observed among sites in spider species richness and abundance estimated with the vegetation beating method (Table 1) .
A comparison of the number of species detected for standardised numbers of individuals is presented in the speciesindividuals curve (Figure 2 ). This shows that species richness from transect samples was only marginally higher than from vegetation beating.
The composition of the functional groups varied significantly across the four methods (Table 2 , X 2 = 349.6, df = 15, P < 0.001; commensal Theridiids were combined with orb web spiders and platform web spiders were combined with sheet web spiders for X 2 analysis). Families like Araneidae, Uloboridae, Linyphiidae, and the non-commensal Theridiidae were more often captured during transects and vegetation beating. Except for the family Pholcidae which build irregular webs and were captured most often (22.4% of individuals) in the vegetation beating method, most other functional groups were frequently recorded on transects ( Table 2 ). The families which fall under the guild of hunters were detected in all the sampling methods, less frequently in transects (19.4%) and vegetation beating (23.1%) than in pitfall traps (69.8%). Families that were unique to the transect method were the commensal Theridiidae, Hersilidae, Palpimanidae, and Agelenidae. Families unique to the pitfall trap method were mainly hunters: Dysderidae-type, Gnaphosidae, Oecobidae, Prodidomidae, and two unidentified families. The litter extraction method captured three unique families that were unidentified. No family was unique to the vegetation beating method.
DISCUSSION
Many methods have been used to sample spiders that occupy various niches in different vegetation strata including leaf litter, bark, tree hollows, on and under leaves, and tree canopies (Coddington et al., 1991) . The complexity of the vegetation in the study area disallowed the use of certain sampling methods such as the sweep net (Toti et al., 2000) , a method often used to sample spiders in open single-stratum vegetation.
Among the methods used, mean species richness per transect was almost three times that per vegetation beating (Table 1) . A major reason was that more individuals were detected in transects. When standardised by individuals sampled, richness was only marginally higher possibly because of larger area or wider strata sampled. However, given that transects and vegetation beating samples took approximately equal time (30hr for 30 samples, including time for collection and identification of spiders in the vegetation beating method), transects sampled almost three times the number of individuals compared to vegetation beating (Table 1) . Other factors in favour of using transects is that it samples more strata and also allows the collection of natural history information (such as web type, niche preference, and hunting behaviour), of which little is known for Indian spiders. The morphospecies of spiders captured by the two methods were however very different. This could be because the vegetation beating method of sampling is intensive, concentrates on a specific strata, and manages to dislodge even cryptic species likely to be missed in transects.
At the functional group level, there were differences between the four methods (including litter extraction and pitfalls) with three of the four methods capturing families that appeared to be unique to each of them. Although this could partly be a result of small sample sizes and needs to be confirmed with more effort, it is likely that a combination of the methods will help in obtaining a complete inventory of spiders found in an area.
The pitfall trap (Image 1 w ) and leaf litter extraction (Image 2 w ) methods were useful to capture species not easily detectable visually at the ground level and the leaf litter stratum. Identification to morphospecies was, however, difficult due to the poor condition of the specimens. If the goal is to identify specimens to a morphospecies level, then the pitfall trap and leaf litter extraction methods will not be desirable methods to use because colours, patterns, and condition of the specimens generally deteriorates in stored conditions. W See Images 1 & 2 in the web supplement at www.zoosprint.org 
